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ABSTRACT 


Hydrogen and hydrocarbon detection in aero- 
nautical applications is important for reasons of 
safety and emissions control The use of silicon 
carbide as a semiconductor in a metal-semiconduc- 
tor or metal-insulator-semiconductor structure 
opens opportunities to measure hydrogen and 
hydrocarbons in high temperature environments 
beyond the capabilities of silicon-based devices. The 
purpose of this paper is to explore the response and 
stability of Pd-SiC Schottky diodes as gas sensors in 
the temperature range from 100 °C to 400 °C The 
effect of heat treating on the diode properties as 
measured at 100 °C is explored. Subsequent opera- 
tion at 400 °C demonstrates the diode’s sensitivity 
to hydrogen and hydrocarbons. It is concluded that 
the Pd-SiC Schottky diode has potential as a hydro- 
gen and hydrocarbon sensor over a wide range of 
temperatures but further studies are necessary to 
determine the diode’s long term stability. 

INTRODUCTION 

Detection of hydrogen and hydrocarbons over 
a wide range of concentrations is important for a 
number of aeronautical and commercial 
applications. This is due to their use both as a fuel 
and their presence as a by-product of the use of 
fuels. Monitoring of flammable or explosive 
concentrations of these gases is necessary in their 


safe use, storage and handling. Detection of low 
concentrations of these gases is a vital issue in con- 
trolling and monitoring emissions from, for example, 
an aircraft engine. NASA Lewis Research Center 
(LeRQ, in conjunction with Case Western Reserve 
University (CWRU), has been developing hydrogen 
and hydrocarbon sensor technologies intended to 
meet a wide variety of needs. One component of this 
program is the development of gas sensor technol- 
ogy using silicon carbide (SiC) as a semiconductor in 
Metal-Insulator-Semiconductor (MIS) or Metal 
Semiconductor (MS) sensors. This work adapts 
previously developed silicon-based hydrogen sensing 
technology to SiC. 

There are significant advantages in a number 
of gas sensing applications to the use of SiC as the 
semiconductor rather than silicon (Si). These ad- 
vantages are due to the improved material proper- 
ties of SiC over Si such as high temperature 
semiconductor operation, superior mechanical 
toughness, and increased thermal conductivity. For 
example, the recovery back to its baseline after ex- 
posure to hydrogen of a sensor operated at near 
room temperature can be slow in an inert environ- 
ment. 1 This recovery time could be greatly acceler- 
ated by heating the sensor to high temperatures 
without damage to the sensor. Further, detection of 
gases such as hydrocarbons, which decompose at 
high temperatures, could be facilitated by heating 
the sensor to the gas decomposition temperature. 


Recently, the capabilities of gas sensors using 
SiC have been explored. Schottky diodes composed 
of palladium (Pd) and palladium-silver (PdAg) de- 
posited on SiC have been shown to be sensitive to 
5000 ppm hydrogen in helium or nitrogen at near 
room temperature. 1 ' 2 SiC-based capacitors using 
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platinum (Pt) as the gas sensitive metal have de- 
tected hydrogen concentrations as low as 2.5 ppm 
and have operated at temperatures as high as 800 
°C. 3 Further, sensitivity to hydrocarbons such as 
methane, ethane, and propane at 457 °C has been 
demonstrated 4 MIS SiC-based structures using 
several different types of contacts have, with varying 
sensitivities, measured hydrogen at temperatures 
from near room temperature to 627 °C. 5 Fabrica- 
tion of a complete SiC-based sensor with tempera- 
ture detector and heater has been attempted with 
mixed results. 1 

A possible mechanism for hydrogen and hy- 
drocarbon detection in SiC-based devices using Pd 
is the same as that proposed for Pd/Si-based devices: 
the dissociation of hydrogen or hydrocarbons on the 
metal surface leads to the formation of a dipole layer 
composed of hydrogen at the metal-semiconductor 
or metal-insulator interface. This dipole layer af- 
fects the electronic properties of the device in pro- 
portion to the amount of hydrogen and other gas 
species (especially oxygen) present in the surround- 
ing ambient atmosphere. 6 " 7 

NASA LeRC and CWRU are presently devel- 
oping a complete hydrogen and hydrocarbon gas 
sensor to be operational to temperatures of at least 
400 °C. This effort involves two major components. 
One component is the fabrication of a stable gas 
sensing element which can withstand high tempera- 
ture operation and be sensitive to hydrogen bearing 
gases in a variety of ambients. The sensing element 
will use Pd or a Pd-alloy as the hydrogen or hydro- 
carbon sensitive metaL The first structure being 
examined is a Pd-SiC Schottky diode. The second 
major component in the SiC sensor development 
program is the fabrication of a complete sensor 
package which can monitor and control the temper- 
ature of the hydrogen or hydrocarbon sensing ele- 
ment 

This paper discusses the progress of SiC-based 
hydrogen and hydrocarbon sensor development at 
NASA LeRC and CWRU. We will first discuss the 
fabrication and testing of the Pd-SlC Schottky diode 
sensing elements. We will then focus on two ele- 
ments of the characterization of the diodes: 1) Ef- 
fects of heat treatments on diode operation at 100 
°C. 2) Sensor operation at 400 °C. It is shown that 
Pd-SiC Schottky diodes can detect hydrogen at 100 
°C even after a range of heat treatments, and at 
400 °C. Hydrocarbon detection, specifically pro- 
pylene, is also demonstrated at 400 °C. We will then 
discuss the present development at CWRU of a 


complete sensor package. The development of a 
complete sensor package for high temperature oper- 
ation involves different processing than a room tem- 
perature sensor package. In conclusion, this tech- 
nology shows promise for aeronautical applications 
although further development is necessary. 


DEVICE FABRICATION AND TESTING 

Palladium MS Schottky diodes with SiC as the 
semiconductor were prepared in the following man- 
ner. An 4-5 //m thick 4H-SiC epilayer was grown by 
chemical vapor deposition on a commercially avail- 
able 4H silicon-face SiC substrate.** Approximately 
400 angstroms of palladium metal were sputter 
deposited onto the as-grown 4H-SiC epilayer surface 
and patterned by a lift-off technique into circular Pd 
Schottky patterns of diameter 200 /mi. Device 
fabrication was completed by sputtering Pd onto the 
bottom of the wafer to form a backside contact. 

The facility used for sensor testing at NASA 
LeRC is shown schematically in Figure 1. The facil- 
ity can supply a continuous flow of gaseous hydro- 
gen (Hj), helium (He), nitrogen (N 2 ), or air, either 
individually or as a mixture, to a chamber contain- 
ing the sensor under test The temperature (T) and 
pressure (P) of the gas are measured as the gas 
enters the test chamber. The composition of the gas 
is monitored by a mass spectrometer. The gas 
leaves the test chamber and is sent through a flame 
before being vented. 
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Figure 1. Schematic diagram of the NASA LeRC H 2 
sensor testing facility. T and P represent tempera- 
ture and pressure measurements. 
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Computer-controlled mass flow controllers 
accurately control gas flow into the test chamber. 
The helium, nitrogen, and air mass flow controllers 
are calibrated for flows from 0 to 1000 standard 
cubic centimeters per minute (seem). One hydrogen 
mass flow controller operates in the range from 0 to 
20 seem and a separate hydrogen flow controller 
operates from 20 to 1000 seem. A three-way valve 
allows the gas to bypass the test chamber and go 
directly to the vent This feature allows the mass 
flow controllers to be stabilized without flowing 
gases through the test chamber. 

The mass spectrometer provides an independ- 
ent measure of the gases flowing into the system and 
the relative concentration of the gases in the test 
chambers as a function of time. This information, 
accounting for the time delay inherent in the mass 
spectrometer reading, has been used to determine 
the amount of time for changes in the flow composi- 
tion to reach a steady state value in the test cham- 
ber. The time it takes to reach steady state afreets 
the corresponding measured response and recovery 
times of the sensor. The total flow was kept constant 
at 1000 seem. Under these conditions, the time for 
steady state in the chamber used in the tests dis- 
cussed in this paper is usually less than 4 minutes. 

The Pd-SiC Schottky diodes were characterized 
in a test chamber containing a probing station and a 
heated sample stage. The SiC substrate rested on a 
gold-covered alumina substrate so that the Pd- 
covered backside of the chip made contact with the 
gold. Sample contact was made using tungsten 
probes. One probe made contact with the diode’s 
patterned Pd surface while another probe made 
contact with the gold and thus the backside of the 
chip. The alumina substrate rested on the hot stage 
whose temperature was controlled from room 
temperature to 400 °C. 

The electrical properties of the Pd-SiC Schottky 
diodes were determined using capacitance 
measurements. The response of the diode 
capacitance measured at 0 V with time (C-t) was 
used to characterize the time dependent behavior 6f 
the system upon exposure to various gases. The 
barrier height of the diode was determined using 
capacitance-voltage (C-V) measurements by finding 
the intercept on the voltage axis of the plot 1/C 2 vs 
V. The barrier height of a diode is, in general, a 
measure of the semiconductor surface states and 
metal work function. Changes in the barrier height 
correspond to changes in the diode properties and 
operation. 10 Corresponding current-time (I-t) and 


current-voltage (I-V) measurements were also taken 
in separate tests. The I-t and I-V results from these 
tests reinforce the results from the capacitance 
measurements but will not be discussed in detail 
here due to space limitations. However, as with the 
silicon-based devices 1 , the sensor will likely be 
operated in a mode that measures a change in 
current Thus, the I-t data is presented to illustrate 
operational device behavior. 


RESULTS AND DISCUSSION 

The use of Pd in an electronic structure with 
SiC as the semiconductor for gas detection in 
aeronautical applications depends on the inherent 
stability of Pd and SiC in a wide range of 
temperatures and ambient gas environments. The 
simplest structure for such applications is a Pd-SiC 
Schottky diode. Although some interaction between 
Pd directly deposited on SiC is expected even at 
room temperature 11 , the effect this interaction has 
on the gas sensing capabilities of the Pd-SiC 
Schottky diode has not been explored. Further, it 
remains to be determined whether the gas sensing 
capabilities of a Pd-SiC Schottky diode are changed 
with heat treatment and if the properties of such a 
diode eventually reaches stable state after which no 
significant operational changes occur. If the diode 
properties drift with time, then a barrier layer may 
be necessary between the Pd and SiC to stabilize the 
diode. The thickness and type of barrier layer 
depends on the inherent stability of the Pd-SiC 
system. Thus, for future Pd with SiC gas sensor 
development, an understanding of the properties of 
the Pd-SiC diode system is necessary. Our testing of 
these diodes took place at 100 °C and at 400 °C. 


Operation at 100 °C 

In order to explore the properties of the Pd-SiC 
Schottky diode system, we first sought to under- 
stand the effects of heat treating on diode operation 
at 100 °C. A newly fabricated diode was first oper- 
ated at 100 °C to establish a baseline. The diode 
was then heated from 100 °C to 200 °C in air for 18 
hours and back to 100 °C with no probe in contact 
with the Pd. After this cycle was completed, the 
probe contact with the Pd was then reestablished. 
The diode was then characterized at 100° C by expo- 
sure to differing ambient gases and measurement of 
its electronic properties. The pattern of gas expo- 
sure (Figure 2) was 10 minutes of air, 40 minutes of 
He, 40 minutes of He + 1000 ppm H 2 (He/H 2 mix) 
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followed by 10 minutes of He and 10 minutes of air. 
The initial air exposure establishes the baseline ca- 
pacitance while the 40 minutes in helium examines 
the effect of removal of the oxygen on the diode be- 
havior. Exposure to the He/H 2 mix illustrates the 
diode’s response to low concentrations of hydrogen. 
The He and air exposures show the diode’s recovery 
in inert environments and in air respectively. Mea- 
surements of the C-V curves were taken in air and 
in He before the exposure to hydrogen, and while in 
the diode is in the He/H 2 mix. The same procedure 
of high temperature heat treatment in air for 18 
hours followed by diode characterization at 100 °C 
was repeated with heat treatments at 300 °C in air 
and then at 400 °C in air. The C-t measurement as 
in Figure 2, with corresponding C-V measurements, 
were taken 3 times at 100 °C and after the 200 °C 
cycle, and 4 times after the 300 °C and 400 °C cy- 
cles. The response of the system is explored in Fig- 
ures 2-5. 

Figure 2 shows the C-t response to the differing 
gas ambients both before heat treating and after the 
final 400 °C heat treatment The two curves are 
very similar with the major difference being a 
nearly 0.5 pF decrease in the magnitude of the diode 
capacitance at zero bias with heat treating. The 
before curve shows no significant change in the di- 
ode capacitance in the oxygen-deficient (He) envi- 
ronment while the after curve increases slightly (0.1 
pF) above the air baseline in helium. Before heat 
treating, the capacitance increases in the presence of 
the He/Hj mix by 1.8 pF before becoming nearly 
constant. After heat treating, the capacitance peaks 
slightly before leveling off at nearly the same 1.8 pF 
increase from the air baseline. The recovery time 
towards the baseline is more rapid in air than in He 
for both before and after heat treating curves. 

Thus, the heat treating shifts the baseline capaci- 
tance of the diode but does not change the qualita- 
tive response of the diode. 

Figure 3 shows the plot of 1/C 1 vs V from -2 V to 
0 V measured in air and in He/H 2 mix before and 
after heating treating. Both before and after heat 
treating, the curves in air are displaced but parallel 
from those taken while the diode is in the He/H 2 mix. 
The fact that the curves are parallel suggests that 
the major effect on the diode of the exposure to the 
He/H 2 mix is to change the work function of the Pd. 

Comparison of the before and after heating air 
curves show there is an increase in the magnitude of 
1/C 1 accompanied by nearly a 14% change in the 
slope of 1/C 2 . The same is true for the before and 
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Figure 2. Capacitance at zero bias vs time at 100 °C 
before heat treating (■) and after the final heat 
treatment to 400 °C (A). The diode is exposed to air. 
He, He + 1000 ppm H 2 then He and air. Heat treating 
does not significantly change the qualitative response 
of the diode. 



Figure 3. Plot of 1/C 1 measured at 100 °C vs Voltage 
before heat treating in air (□) and He + 1000 ppm H 2 
(o) and after heat treating in air (■) and He + 1000 
ppm H 2 (•). A change with heat treating is evident in 
both the magnitude of the capacitance and slope of 
1/C 1 . 
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after He/H 2 mix curves. However, comparison of the 
before and after air barrier heights derived from 
Figure 3 show on average only around a 4% change. 
The same holds for the before and after He/H 2 mix 
barrier heights. This change in magnitude and 
slope in the 1/C 2 curve with a considerably less 
change in the corresponding barrier height may be 
due to trapping and detrapping of deep levels in the 
SiC. 



HEAT TREATMENT TEMPERATURE (C) 

Figure 4. Barrier height measured at 100 °C by 
1/C 2 vs V measurements vs maximum heat 
treatment temperature. The open symbols are 
barrier heights first taken after air heat 
treatment: measured in air (Q)» measured in He 
+ 1000 ppm H 2 (□), and the difference between 
these two barrier heights (A). The closed 
symbols are the barrier heights taken 
subsequently: measured in air (•), measured in 
He + 1000 ppm H 2 (■), and the difference 
between these two barrier heights (▲). The 
dotted lines are separate least squares fits 
through the closed and open symbols. 


A summary of the results of the barrier height 
measurements for all temperatures and C-V mea- 
surements is presented in Figure 4. Shown is the 
barrier height in air, in He/H 2 mix, and the differ- 
ence between the air and He/H 2 mix barrier heights. 
The data points at 100 °C represent the initial 
values. The data points at 200, 300, and 400 repre- 
sent the barriers heights measured at 100 °C after 


temperature cycling to 200 °C, 300 °C, and 400 °C 
respectively. The first barrier heights measured 
after heat treating at a given temperature are de- 
noted by open symbols while those measured in 
subsequent tests are denoted by closed symbols. 

The air-mix difference data is included in the figure 
to monitor whether there is pattern to the change in 
barrier height with exposure to hydrogen. 

There are two points to note in Figure 4. First, 
at a given temperature, the barrier heights mea- 
sured in the He/H 3 mix are generally consistent ex- 
cept for the first point taken after heat cycling at 
300 °C. This 300 °C point appears anomalous and 
will not be discussed in the subsequent discussion. 

At a given temperature, the maximum difference in 
He/H 2 mix barrier heights was at most 100 mV and 
on average varied from the mean by 18 mV out of a 
nearly a 1.1 V barrier height In contrast, the air 
barrier height first measured after heat treating at a 
given temperature (open circles) is noticeably differ- 
ent from that measured in the subsequent tests 
(closed circles) especially after heat treating at 300 
°C and 400 °C. These differences can be as high as 
410 mV. The difference barrier height varied from 
430 mV to 970 mV predominately due to the scatter 
in the air barrier height This suggests that after 
heat treating, the diode in air is in a different state 
than it is after exposure to the He/H 2 mix. 

Secondly, after the first exposure to hydrogen 
after heating, the subsequent barrier height mea- 
surements (closed symbols) do not show a discern- 
able pattern with respect to heat treatments. For 
example, the barrier heights do not consistently drift 
upward with temperature cycling. The dotted lines 
in Figure 4 illustrate this point. The dotted lines are 
least square fits of the barrier heights as a function 
of the heat treating temperature. The barrier 
heights first measured in air are separately least 
squares fit from the barrier heights in air measured 
subsequently. The same is true for the least squares 
fit for the difference barrier heights. The dotted line 
associated with the He/H 2 mix includes all the points 
(except for the anomalous point measured at 300 
°Q with no distinction to order of measurement 
Although the barrier heights in air first measured 
after heating show an increase after 200 °C, the 
fitting for the subsequently measured barrier 
heights in air is nearly a horizontal line with a slope 
on the order of 10‘ 5 V/°C. Likewise, the slope of the 
dotted line for the He/H 2 mix barrier heights is also 
a horizontal line with a slope on the order of 10‘ 5 
V/°C. Thus, within the limits of this study, the long 
term diode structure as measured by the barrier 
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height does not change drastically with heat treat- 
ment but rather seems to oscillate about a mean 
value. 

Figure 5 shows a plot similar to Figure 4 except 
it is the capacitance at zero bias in air (•), in the 
He/H 2 mix (■), and the difference between these two 
capacitances (A) that is plotted at each maximum 
heating temperature. The capacitance plotted is the 
capacitance near the time at which the C-V curves 
are taken for the air and He/H 2 mix data. The dot- 
ted lines are meant to guide the eye for the air and 
He/H 2 mix capacitance while the solid line shows a 
linear least squares fitting of the difference in capac- 
itance data. Further, this data does not include the 
first experiment performed after heating to a given 
temperature but only the data taken subsequently. 
This is done to emphasize the long term behavior of 
the system. 
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Figure 5. Capacitance at zero bias at 100 °C vs 
maximum heat treatment temperature in air (•), 
He + 1000 ppm H 2 (■), and the difference between 
these two capacitances (A). The changes in 
capacitance in air with heat treating are paralleled 
by changes in the capacitance in the He/H 2 mix 
resulting in a difference between these two values 
which does not change significantly with heat 
treating. 



It was noted in the discussion of Figure 2 that 
the capacitance dropped with heat treating but the 
change in capacitance between the air and He/H 2 
mix values was nearly constant. This pattern is seen 


for all of the data in Figure 5. The air capacitance 
decreases with heat treating above 200 °C. How- 
ever, the He/H 2 mix capacitance also decreases 
which results in no significant decrease in the air- 
mix difference. The average difference in capaci- 
tance was 1.88 pF with a standard deviation of 0.16 
pF. Much of this scatter is due to the scatter in the 
measurement of the air capacitance: the He/H 2 mix 
capacitance tended to be nearly constant at a given 
heat treating temperature varying on the average 
by less than + 0.06 pF. The slope of the linear fit of 
the difference capacitance is on the order of -10 -4 
pF/°C which is nearly a horizontal line. Thus, 
although the capacitance shows the effects of heat 
treating, the difference between the air and He/H 2 
mix capacitance does not systematically change with 
heat treating. 

The major conclusion from these studies is that 
the heat treating of a Pd-SiC diode at higher tem- 
peratures does not significantly change its ability to 
operate as a hydrogen sensor at 100 °C. The forma- 
tion of the interfacial layers between the Pd and SiC 
(presumably palladium silicides) and annealing 
within the SiC that have occurred with heating have 
shifted the baseline capacitance and slope of the 1/C Z 
vs V curves. However, the results of this work sug- 
gest that significant features of the diode’s behavior 
such as the form of the C-t curves, the difference 
between the air and He/H 2 mix capacitances, and the 
barrier height in the He/H 2 mix do not change signif- 
icantly with heat treating. This point is important 
for the use of the diode as a sensor since it allows 
recalibration if necessary of the sensor after heating. 
Nonetheless, given the changes that have occurred 
to the diode with this limited heat treating, long 
term testing is necessary to evaluate whether the 
diode is suitable for applications which require oper- 
ation over an extended period of time. 


Operation at 400 °C 

Demonstration of the diode capabilities at 400 
°C was performed in several different ambients. 
Prior to this 400 °C testing, the diode was heat 
treated as described in the previous section. The 
purpose of these studies was to demonstrate the 
diode capabilities to operate as a hydrogen or hy- 
drocarbon sensor in higher temperature environ- 
ments that are of interest to the aeronautics commu- 
nity. 


The capacitive response of the diode to cycles of 
air followed by a 1000 ppm H 2 in N 2 mixture (N 2 /H 2 
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mix) is shown in Figure 6. Such a cycle has parallels 
to sensor operation when exposed to a periodic leak. 
The sensor is first exposed to air for 10 minutes and 
then N 2 /H 2 mix for 20 minutes followed by air for 20 
minutes for 3 cycles. The capacitance in air and the 
hydrogen mixture is seen to be stable within a cycle 
and repeatable over the three cycles. The response 
and recovery times are on the order of the time the 
chamber takes to reach steady state. The corre- 
sponding curves of 1/C 1 vs V in air and in the N 2 /H 2 
mix (not shown) are displaced but parallel as in the 
100 °C measurements (Figure 3). This suggests that 
the sensing mechanism at the two temperatures is 
the same: a change in the Pd work function due to 
the presence of hydrogen. The difference in the 
corresponding barrier height as measured by 1/C 2 
vs V in air and in the N 2 /H 2 mix are on the order of 
several hundred millivolts. This implies that the 
signal produced by this MS system to low concentra- 
tions of hydrogen is easily large enough to be used in 
a MOSFET configuration or be observed by mea- 
suring the current 

The response of the sensor measured using the 
diode forward current is shown in Figure 7. The 



TIME(MIN) 

Figure 6. The capacitive response at zero bias of a 
Pd-SiC Schottky diode operated at 400 °C to cycles 
of air then 1000 ppm H 2 in N 2 . The diode’s response 
is significant and repeatable. 



0 50 100 150 

TIME(MIN) 

Figure 7. Response of the forward current at + 0.9 V of a Pd-SiC Schottky diode operated at 400 C to 3 cycles 
of air followed by 1000 ppm of H 2 in N 2 . The inset shows the same data In a logarithmic scale. The diode 
forward current changes by more than a factor of 1000 upon exposure to 1000 ppm hydrogen. 
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sensor is biased at + 0.9 V and the forward current 
is measured as the diode is exposed to the same 
conditions as in Figure 6. The inset of Figure 7 
shows the same data as Figure 7 but in a logarithmic 
scale. The diode forward current in the N 2 /H 2 mix is 
more than a factor of 1000 larger than the baseline. 
During the first exposure in the N 2 /H 2 mix, the diode 
current peaks before stabilizing. The magnitude of 
this peak is small when compared to the total change 
current This is shown in the inset in which the peak 
is unobservable. Recovery of the diode current in 
air after exposure to the N 2 /H 2 mix is rapid but the 
baseline current of the diode decreases with each 
cycle (see inset). This decrease in the baseline cur- 
rent is not reflected in diode response in the N 2 /H 2 
mix. The N 2 /H 2 mix signal is stable and repeatable 
despite the baseline drift These results show that 
the Pd-SiC Schottky diode has the potential of being 
a very sensitive hydrogen sensor. 

The detection of hydrocarbons using the Pd-SiC 
Schottky diode at 400 °C is demonstrated in Figure 
8 on a separate diode on the same Pd-SiC chip. The 
diode is first exposed to air for 10 minutes, nitrogen 
for 40 minutes, followed by 300 ppm of hydrogen in 
nitrogen and then 10 minutes of nitrogen and 10 
minutes of air. The second and the third cycles are 
the same as the first except that the 300 ppm of 
hydrogen is replaced by 300 ppm propylene in ni- 
trogen, and then 300 ppm of propylene in nitrogen 
and 1% oxygen respectively. 

The response of the diode to hydrogen at 400° C 
in Figure 8 has several similarities to that at 100 °C 
(Figure 2). In both cases, the capacitance increases 
slightly in an inert environment, increases 
significantly when exposed to H : , and has improved 
recovery in air to the baseline. 

There are three points to note in Figure 8 with 
respect to hydrocarbon detection. First, and most 
importantly, the diode responds to propylene in N 2 
and in N 2 + 1% 0 2 . This demonstrates the diode’s 
ability to measure hydrocarbons. 

Second, the signal decreases as the mixture goes 
from hydrogen to propylene to propylene in oxygen. 
The proposed mechanism of hydrocarbon detection 
for the Pd on semiconductor systems is that the 
hydrocarbons dissociate on the Pd surface and 
hydrogen migrates into the Pd lattice. 4 ' 7 The 
hydrogen forms a dipole layer at the Pd-SiC 
interface which affects the electrical properties of 
the diode. The plot of 1/C 2 vs V in air (not shown) is 
displaced but parallel from those taken while the 


diode is in 300 ppm hydrogen in nitrogen and 300 
ppm propylene in nitrogen. This suggests that the 
mechanism of detection is the same in both cases: a 
change in the work function of the Pd upon exposure 
to the gas. These results are consistent with the 
proposed mechanism of hydrocarbon detection. The 
reason for the smaller signal in propylene than in 
hydrogen may be due to incomplete dissociation of 
the hydrocarbon leading to less hydrogen available 
to migrate to the interface. Further, the presence of 
oxygen also decreases the amount of hydrogen 
available to go into the lattice. 6 Thus, with even less 
hydrogen available to migrate to the interface than 
with propylene in nitrogen, the response decreases 
even further. 

Finally, the baseline capacitance decreases after 
the exposure to propylene in nitrogen. The reason 
for this change and its repeatability is the subject 
for further investigations. 

The major results from the characterization of 
the Pd-SiC Schottky diode at 400 °C are that the 
diode has been demonstrated as a sensitive hydro- 
gen and hydrocarbon sensor. The results are consis- 
tent with the model that hydrogen and hydrocar- 
bons dissociate at the surface and hydrogen mi- 
grates to the Pd-SiC interface affecting the elec- 
tronic properties of the diode. 



Figure 8. Capacitance vs time at 400 °C upon 
exposure to nitrogen plus 300 ppm of hydrogen (•) 
or propylene (■), or nitrogen plus 300 ppm 
propylene plus 1% 0 2 (A). The diode is first 
exposed to air, nitrogen then the hydrogen bearing 
gas mixture followed by nitrogen then air. 
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DEVELOPMENT OF A COMPLETE SENSOR 
PACKAGE 

Another component in the SiC sensor develop- 
ment program is the fabrication of a sensor package 
which will be able to accurately control the tempera- 
ture of the sensing element This effort is an attempt 
to transfer the previously developed Si-based 
hydrogen sensor technology 1,12 to SiC* The configu- 
ration of the Si-based CWRU structure is shown in 
Figured The structure includes a Pd 13% Ag 
Schottky diode, a temperature detector, and a 
heater all incorporated in the same chip. The sensor 
package may be mounted on a flat ceramic pack or 
in a T05 header. 



Figure 9. Schematic diagram of the Pdl3%Ag 
Schottky Diode Hydrogen Sensor. The Pdl3%Ag 
Schottky diode resides symmetrically on either side 
of a heater and temperature detector. 

Modifications of this structure for high 
temperature applications are underway. For 
example, if the sensor is in a room temperature 
ambient, operation at high temperatures means that 
heat must be supplied to the sensor. Thus, the 
sensor heater must be modified to allow heating of 
the SiC sensors to much higher temperatures than 
presently available on the near room-temperature 
Si-based devices. Further, given the high thermal 
conductivity of SiC and the higher temperature 
operation, dissipation of heat from the sensor to the 
supporting ceramic pack or T05 header is a prob- 
lem. In an effort to minimize this heat dissipation, 
the sensor is not mounted directly onto the support 


Rather, the sensor will be suspended by its electrical 
connections above the support Devices are pres- 
ently being fabricated and will be tested in the near 
future. 


CONCLUSIONS AND FUTURE PLANS 

The characterization of Pd-SiC Schottky diodes 
at 100 °C and at 400 °C demonstrates operation of 
the diode as a sensitive hydrogen sensor. Heat 
treatments up to 400 °C do not disrupt the diode’s 
ability to operate as a hydrogen sensor. The most 
obvious changes in the diode properties are in the 
baseline capacitance, slope of the 1/C 2 vs V curves, 
and air barrier height after heating. However, the 
measured difference in capacitance between air and 
He/H 2 mix is nearly constant, and the barrier height 
as measured in the He/H 2 mix is statistically un- 
changed. Changes in the air barrier height after 
heating are recoverable after exposure to the He/H 2 
mix. 

Detection of hydrogen and hydrocarbons has 
been demonstrated at 400 °C. The hydrogen and 
hydrocarbon responses are consistent with a detec- 
tion mechanism in which the hydrocarbons dissoci- 
ate on the Pd surface resulting in H 2 migration into 
the Pd and to the Pd-SiC interface. 

Continued development of SiC-based sensors is 
planned. Further studies will determine the long 
term stability of the sensor at high temperature. In 
particular, it will be determined if a barrier layer is 
necessary between the hydrogen sensitive metal and 
the SiC to stabilize the sensor structure. Further 
testing of the sensor in a variety of environments will 
be necessary to produce a complete sensor package 
for use in aeronautic and commercial applications. 
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